The computer code INBLAS was developed and published in the early 1970's to describe the blast produced by the reaction of energetic materials inside closed or partially vented structures. Since that time, refinements have been made to several of the code algorithms. These changes have been collected into a new version of the code called INBLAST. This version is designed to run on a desk top personal computer. The code is briefly described. Sample problems are presented and some of the results are compared with experimental data.
a updated code could be compared with experimental data and then become a benchmark against which future versions or variations of the code could be compared.
In order to accomplish this task, it was felt that the "best parts" of both the INBLAS code and the BLASTINW code should be combined and a new and improved code produced. This effort was undertaken by the Boeing Military Airplane Company (Mr. Richard Lorenz) under contract to the Naval Surface Warfare Center (NAVSWC). This task was accomplished in 198% At that time, however, it was felt that the program was still not "user friendly". NAVSWC then began the task of developing an input module which, through a series of interactive screens, generates, runs, and displays the output of the INBLAST program.
The remainder of this paper is a brief description of the basic program as well as a d i s c d o n of the interactive screens and the solution of two sample problems. It should be noted that this paper is not designed as a tutorial on the structure and uses of INBLAST. Rather the paper describes the program in general, with emphasis on the recent changes and improvements.
DESCRIPTION OF THE CONFINED EXPLOSION GAS PRESSURE CALCULATION
The chemical reaction of the explosion/burning and mixing with air in a closed structure creates the combustion products A1,03 H20, CO, CO,, C, Al, H,, 0 , and N,. A priority in the reaction is assumed as follows: (1) The aluminum in the energetic material reacts with oxygen to form the solid A1,03; if there is insufficient oxygen, the remaining A1 is treated as a solid. (2) The hydrogen has the next priority on the oxygen to form H,O; again for insufficient oxygen, the remaining hydrogen is treated as H,. (3) If there is an overabundance of oxygen in the energetic material and structure atmosphere, complete combustion occurs such that all carbon appears as CO, and the remaining oxygen not needed in any of the reactions appears as 0,. (4) If there is insufficient oxygen in the system after the A1,0, and H20 reactions, then CO and CO, are produced in quantities given by the the following q u a tions: In the above equations, if m a , no CO, will be formed or if b = 0, then CO is produced such that a=m and solid carbon particles will appear in the combustion products in the amount n-m. (6) The nitrogen does not participate in the reaction and appears as N, in the final mixture. From the above calculations, the number of moles of component gases and solids that make up the final products in the closed structure can be calculated. Once these are known, the final pressure and temperature within the chamber can be calculated.
The following information is required to perform an INBLAST quasi-static pressure calculation:
(1) C-H-N-O content of the energetic material (2) Heat of formation of the energetic material (3) Weight of energetic material. (4) Volume of initial chamber (5) Vent area of exit from initial chamber (6) Volume of secondary chamber (7) Vent area of exit from secondary chamber (8) Ambient pressure and temperature.
The program allows for multiple chambers with energetic events possible in any of them. Each chamber may be vented to any other chamber or to an ambient reservoir. The equations governing the flow between the chambers are the appropriate ones for both supersonic and subsonic flow through a perfect nozzle. The ratio of the specific heats, y, is not taken as a constant of 1.4-rather it is allowed to assume an appropriate value determined by the pressure, volume, temperature and mix of constituents of the gases exiting the chamber.
COMPUTATIONAL RANGE
The original version of the program (INBLAS) was demonstrated to accurately predict the confined gas pressures as a function of loading density (charge weight divided by chamber volume) over several orders of magnitude in pressure. This has not changed. In fact, the range has been extended even further. This comparison is shown in Figure I . The computation is for TNT and was performed with this latest version of the code.
DESCRIPTION OF THE SHOCK CALCULATION
The program utilizes techniques and algorithms developed for the LAMB &ow Altitude Multi-Burst) computer code to predict the direct and multiply reflected shockwaves present after a detonation inside a closed chamber. For a description of these techniques, the reader is referred to References 2 and 3.
HARDWARE REQUIREMENTS
The program is designed to run on any IBM-compatibc machine using Dos 3.1 operating system (or higher) with 640 kilobytes of memory and a hard disk. The program supports CGA, EGA, and VGA color monitors. An IBM-AT (or fastei) machine with math co-processor is required.
GENERAL
Be6re running INBLAST copy all files from the NBLAST floppy disk to a irectory on your hard disk. The input to the program is prepared interactively through a series of screens which question the user. The are a total of twelve input screens; however, depending on the type of calculation being performed, not all of them will be used or seen by the user. Also some Screens are used several times to allow for input of multiple energetic materials. The number of each input screen and its description are shown at the top of each screen. Notes are often shown at the bottom of the screen in red. Brief descriptions of each input item are shown in yellow. Items in brown cannot be changed. They either do not apply for the particular type of calculation or they are automatically set to a default value. Units for the inputs and their minimum and maximum values, are shown in green. The effect of function keys are shown in blue at the bottom of each input screen. Pressing F1 will set a number to its default value. F2 moves p u to the next screen. F3 takes you back to the main menu.
When an input screen is shown, you may change any value by over-typing it and then pressing"Enter". You must press "Enter" here; pressing €2 will take you to the next screen but does not enter the new value. If a value does not need to be changed, just press "Enter". This will move you to the next input. If all items on the screen are correct, press F2. Continue doing this until you have gone through all of the input screens, and have returned to the main menu.
DESCRIPTION OF INPUT SCREENS MAIN MENU
See Figure 3 . Upon entering the program, you will see the Main Menu. Item 1 should always be selected before running INBLAST. It allows you to modify the input conditions for INBLAST. Select item 1 by typing a 1 and pressing the "Enter" key ("Return" key on some keyboards). Item 2 runs the INBLAST program after input is completed. Item 3 displays the program output on the screen or printer. Item 4 exits the program, returning you to DOS.
Let us assume that item 1 was initially selected.
INPUT SCREEN 1 -GENERAL OPTIONS See Figure 4 . This first item is the title of the run. This can be up to ,80 characters long. It will be printed at the top of the program output.
The second and most important item is the type of calculation. Select number 1 for shock loading in a closed room. This option calculates direct and multiply-reflected shocks in a single closed chamber. However multiple chambers and multiple energetic materials can be specified if you wish to do many different closed chamber calculations at one time. Option 2 is for shock and combustion. This is similar to option 1 but also performs instantaneous combustion and calculates the confined explosion gas pressure (quasi-static pressure). Option 3 is for shock, combustion, and venting. This is similar to option 2 but also performs venting calculations into multiple chambers. Option 4 is instantaneous combustion. It reacts energetic materials instantaneously and determines quasi-static pressure. Option 5 is combustion and venting. Time dependent burning is allowed only here. Energetic materials can time dependently react and their gases vent into other chambers.
D
The third and fourth items are self explanatory. You can have up to 20 energetic materials and chambers.
The last item is the number of targets in confined shock calculations. This only applies for calculation options 1,2, and 3, where shocks are calculated. A target is a location in a chamber where the shock is calculated. You can have up to 20 targets.
INPUT SCREEN 2 -GENERAL OPTIONS CONTINUED See Figure 5 . Enter the maximum time to be calculated. INBLAST will stop its calculations after this period of time, If zero is entered, the program selects a maximum computational time.
Select the default type of calculation appropriate to this run. Gas pressure refers to quasistatic pressure.
The maximum order of reflected rays is the maximum number of shock reflections calculated.
The run identification name is used for generating plot files. A plot file is an ASCII file generated by the program containing a table of time vs. pressare and impulse.
INPUT SCREEN 3 -EXPLOSIVE DATA See Figure 6 . At the top of the Screen the program tells-you the number of the energetic material you are inputting. For each energetic material, this screen will be duplicated. For each energetic material, select whether it will be a single energetic material from the table (see Table 1 , For a single material you will have to select the material from the list and then go on to the next screen. For a mixture of materials, you will select each one and type in their weight fraction in the mixture. The total weight fraction should add up to 1 (if the weight fraction does not add up to 1, the program adjusts the values until they do). A M enter the equivalent weight of the mixture. If zero is entered, then a weighted average of the equivalent weights of the mixed components is used. For a material not in the table you must enter its name, equivalent weight, energy of formation, and a table of material components vs. weight fraction respectively. For a gaseous explosive, the molar fraction of the explosive in the chamber and the molecular weight of the explosive must also be entered. A gaseous explosive cannot be used for shock calculations.
INPUT SCREEN 4 -EXl'LoSIVE DATA CONTINUED See Figure 7 . This screen must be input for each energetic material. Enter the weight of the material, and the chamber in which it will burn or detonate.
For shock calculations, enter the X, Y , and 2 coordinates of the explosion. These numbers must be less than the dimensions of the chamber.
Enter the minimum chamber temperature required to initiate the explosive. If this is zero, the explosive initiates immediately. Also you can enter the time required to initiate the explosive at that temperature.
For time dependent burning, enter the initial weight ofthe energetic material burned. This amount will be burned in the first step of the reaction. If-this is zero, then it will be set to the weightoof the material divided by 1000. Initial volume < x * a 2 -n*a*Ri2)*L (2*n*Ro*L) + n*Q*n*Ri*L) +2* (n*R$-n*n*Ri2) 
STEP 6
Ax should be chosen such that the change in area/volume is adequately described Generate a table consisting of pair of numbers (total burn area, weight burned). This table can contain up to fifty pairs (Note: the first pair must be (initial surface area, 0) and final pair must be (0, weight of grain))
Calculate total number of grains (total weight/weight of one grain)
.
STEP 7
Multiply each entry in table generated in STEP 5 by the total number of grainsthis will give a burn area vs. weight burned Enter the default initial pressure, temperature, and mole (volume) fraction of oxygen (0,) in the chambers. If zero is entered for the pressure and temperature, the ambient pressure and temperature will be used. The mole fraction of oxygen must be > 0 and I 1. The remainder is nitrogen. Figure 9 . The first line input here is the default for all of the chambers. If you have more than one chamber, you can override this default for each individual chamber as needed, starting with chamber 2. Enter the chamber volume, the dimensions of the chamber, and whether a plot file of time vs. pressure and impulse is desired. Make sure that the chamber dimensionsare compatible with the chamber volume. If the volume is set to zero, the volume will be calculated from the dimensions of the chamber. An ambient chamber (the atmosphere) is defined by setting the volume to less than zero.
INPUT SCREEN 9 -CHAMBER DATA CONTINUED See Figure 10 . This is a continuation of the previous screen. For each chamber shown, enter the print option, the type of calculation, the initial pressure and temperature, and the mole (volume) fraction of oxygen. A print option of zero will print only peaks. A one will print P(t) and IW. Enter the appropriate type of calculation from the options shown at the bottom of the screen. Enter zero to use the default initial pressure, temperature, and mole fraction of oxygen, which were already specified on input screen 7.
INPUT SCREEN 10 -VENTING DATA See Figure 28 . Enter the number of vent paths connecting the chambers. Vents can be permanent or can form after a wall fails.
The number of venting cycles is the total number of venting calculations made during the INBLAST run. The higher this number, the more accurate the answers'will be, however, the run will also take longer. When using a high number of venting cycles, the program output becomes too long. For this reason, you can choose the number of venting cycles to be calculated between printouts.
Enter a constant time step to be used between venting calculations. If zero is entered, the program uses a variable time step.
INPUT SCREEN 11 -VENT FAILURE DATA See Figure 29 . In this screen, you specify which two chambers are connected by each vent, the minimum pressure differential for wall failure to occur, and the minimum time at this pressure difference for wall failure. A secondary failure is where a vent between chambers becomes enlarged at a later time due to a larger area of the wall failing.
INPUT SCREEN 12 -TARGET DATA See Figure 11 . In this screen you enter the chamber where each target is located, and its coordinates.
SAMPLE CALCULATIONS
Let us consider two problems. Each will be described. Samples of the input screens and the output will be presented.
Eighteen pounds of Composition C-4 are detonated inside a closed chamber. The chamber has dimensions 10 ft. by 10 ft. by 10 ft. The explosive is located in the center of the chamber. The target is located at coordinates (5,0,5) within the chamber). Calculate the direct and reflected shock wave parameters at the target for this event. This problem illustrates multiple explosions in multiple chambers. One charge detonates in Chamber 1. Two charges, one delayed, detonate in Chamber 8. Gases vent between chambers as walls fail, and finally into Chamber 7 which vents to the ambient atmosphere (Chamber 9). Time-dependent burning takes place in Chamber 2, which is isolated from the others. Final conditions should compare with the initial conditions, following the explosion in Chamber 1. Note that the slow burning in Chamber 2 uses up all of the oxygen before all of the carbon can react.
There are four energetic materials and nine chambers. A 200 pound charge of Pentolite detonates in Chamber 1. A 200 pound charge of Pentolite undergoes time-dependent burning in Chamber 2. In Chamber 8,150 pounds of HMX detonate. Also in Chamber 8, there are 150 pounds of OCTOL which detonate when the Chamber temperature reaches 800"R for 0.02 seconds.
All chambers have a volume of lo00 ft3, with the exception of Chamber 9, which is an ambient reservoir.
There are 10 vents multiply connecting the chambers. .oooo .oooo .oooo .ooooo
